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HOLOGRAPHIC LASER AND OPTICAL PICKUP 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a holographic laser and 
an optical pickup for use as the light source for reading out 
signals from optical disks such as compact disks (CDs) , compact 
disks recordable (CD-Rs), digital versatile disks (DVDs), and 
digital versatile disks recordable (DVD-Rs), and which are 
compatible with a plurality of read out wavelengths. 

2. Description of the Related Art 

In the CD family of optical disks, signals are read or 
written using a semiconductor laser element having an emission 
wavelength of 780 nm. On the other hand, in the DVD family of 
optical disks, to improve the signal recording density, the 
signals are read or written using a semiconductor laser element 
having an emission wavelength of 630 to 690 nm. 

When optical disks of the CD family and the DVD family 
are read out or written onto using the same optical disk apparatus , 
a plurality of semiconductor laser elements with different 
emission wavelengths are provided within that optical disk 
apparatus . 

Fig. 13 is a structural diagram showing an example of a 
conventional optical pickup. This optical pickup includes in 
a single package for example a semiconductor laser 1, which emits 
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light of two different wavelengths, an optical system for guiding 
read light from the semiconductor laser 1 to an optical disk 
M, and guiding light reflected from the optical disk M to a 
photodiode 5, and the photodiode 5, which is for receiving the 
reflected light and reading the signal. 

The optical system includes for example a half mirror 10, 
which reflects read light from the semiconductor laser 1 and 
transmits light reflected from the optical disk M, a prism 11 
for aligning the optical axes of the read lights of the two 
wavelengths, a collimating lens 12 for converging the read light, 
a total reflection mirror 13 for bending the optical axes, and 
an objective lens 14 for focusing read light onto the optical 
disk M and for converging light that is reflected from the optical 
disk M. 

At the window of the semiconductor laser 1, there is a 
diffraction grating 2 for transforming one of the read lights 
of the two wavelengths into three beams. 

Fig. 14 is a structural diagram showing another example 
of a conventional optical pickup. This optical pickup includes 
for example a holographic laser 3, which emits read light and 
receives light reflected from an optical disk M, and an optical 
system, which is for guiding read light from the holographic 
laser 3 to the optical disk M and guiding light reflected from 
the optical disk M to the holographic laser 3. 

Integrated into the holographic laser 3 for example are 
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a semiconductor laser, which emits read light of a 
single-wavelength, and a photodiode for reading out signals. 

The optical system is made up of the collimating lens 12, 
the total reflection mirror 13, and the objective lens 14, for 
example . 

With the configuration of Fig. 13, the number of optical 
components, such as the prism 11 for adjusting the optical axes, 
increases, because the read lights of two wavelengths are guided 
to the optical disk M and the light reflected from the optical 
disk M is returned to the single photodiode 5. As a result, 
the positions of the optical components have to be adjusted in 
more instances, which makes the adjustment during assembly 
complicated. Moreover, the optical pickupbecomes larger, which 
complicates making the optical disk apparatus thinner and 
lighter . 

With the configuration of Fig. 14, the optical pickup is 
limited to reading out only a single wavelength, and therefore 
is incapable of reading out different families of optical disks. 
Two optical pickups, each with the same configuration and which 
read different wavelengths, must be provided to be compatible 
with a plurality of read wavelengths. 

When semiconductor lasers of two different wavelengths 
and a photodiode are integrated in the same holographic laser, 
light emitted from two different positions is returned to the 
light-receiving surface of the single photodiode, and therefore 
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the dimensional precision and the assembly precision of the 
optical components must be extremely good. 

The emission wavelength of semiconductor laser elements 
depends, for example, on the temperature and the intensity of 
the optical output, and therefore it must be taken into account 
that the plurality of read wavelengths fluctuate independently. 
The diffraction angle in holograms changes with the wavelength, 
P and if the grating spacing is constant, then the shorter the 

ITl wavelength, the smaller the angle of diffraction. 

on 

ft! If there is only one type of optical disk to read and only 

a single semiconductor laser element, then the line at which 
the photodiode separates received light can be positioned in 
the direction in which the angle of diffraction of the hologram 
changes due to fluctuations in the wavelength, thus making it 
possible to obviate the effect of wavelength fluctuations. 

However, when the optical disk apparatus is compatible 
with a plurality of optical disk types of different read 
wavelengths , then the fact that there are two semiconductor laser 
elements means that the two reflected laser lights are not 
necessarily both incident on the line at which the received light 
is separated, even if the line at which the photodiode separates 
received light is positioned in the direction that the angle 
of diffraction of the holograms changes due to fluctuations in 
the wavelength. 

When semiconductor laser elements of two wavelengths 
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having two light-emission points are used in the same chip, the 
emission points are close to each other, and therefore it is 
difficult to receive the light with the same light receiving 
element. This is because holographic elements have the 
characteristic that the angle of diffraction is determined by 
the wavelength when the same diffraction grating is used, and 
thus when the emission points are close to each other it is 
Cl difficult to focus light with different angles of diffraction 

01 onto the same point. For examole, when the distance between 

m 

Hi the laser light-emission point and the diffraction grating is 

If] 

UH approximately 2 to 3 mm ana the distance between the diffraction 

O grating and the light receiving surface of the light receiving 

u 

rU element is approximately 1 mm, then, if the size of the laser 

G light-emission point is approximately 150 to 250 ixm, the light 

beams can be converged onto the same point, but when the size 
of the laser light-emissionpoint is between several /i mto several 
dozen Atm, the diameter of the spot on the light receiving surface 
in turn becomes approximately 150 to 250 /j.m, and therefore the 
light cannot be focused onto the same light receiving element. 

Furthermore, when the laser light-emission point is placed 
away from the optical axis of the optical system, aberrations 
occur each time light passes through a lens, thus negatively 
affecting optical pickup properties. 



SUMMARY OF THE INVENTION 
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It is an object of present the invention to provide a 
holographic laser and an optical pickup, with which it is possible 
to reading from or writing onto a plurality of types of optical 
disks having different read wavelengths, and to achieve a more 
compact apparatus. 

The invention provides a holographic laser including: 
a first light source for emitting a light beam Ll of a 

C3 first wavelength toward an optical disk; 

O 

ijj a second light source for emitting a light beam L2 of a 

8n 

fti second wavelength different from the first wavelength toward 

w\ 

tfl an optical disk; 

pi a wavelength separating element for separating the light 

U 

Hi beam Ll and the light beam L2 reflected by the respective optical 

£ 

O disks; 

m 

a first holographic element for converging the light beam 
Ll separated by the wavelength separating element; 

a second holographic element for converging the light beam 
L2 separated by the wavelength separating element; and 

a light receiving element for receiving the light beam 
Ll converged by the first holographic element and the light beam 
L2 converged by the second holographic element, 

wherein the light receiving element is positioned between 
a focal position of Oth order diffracted light of the first 
holographic element and a focal position of Oth order diffracted 
light of the second holographic element; and 
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wherein the first light source, the second light source, 
the wavelength separating element, the first holographic element, 
and the second holographic element are integrally formed into 
a single component. 

According to this invention, a light beam LI of a first 
wavelength or a light beam L2 of a second wavelength is emitted 
toward an optical disk and the light beam LI or L2 reflected 
by the optical disk is detected by a common light receiving element, 
and therefore it is possible to read from or write to a plurality 
of types of optical disks of different read wavelengths. 
Moreover, because the light receiving element is shared, the 
number of components is reduced and the optical pickup can be 
made compact . 

Furthermore, by positioning the light receiving element 
between the focal positions of the Oth order diffracted lights 
it is possible to arrange the light receiving element compactly 
and make the optical pickup smaller. 

Moreover, integrally forming the first light source, the 
second light source, the wavelength separating element , the first 
holographic element, and the second holographic element into 
a single component makes handling of the components easy and 
makes it possible to reduce the number of process steps and costs 
for assembling and adjusting the position of the optical pickup. 

In the invention it is preferable that directions of 
diffraction of the first holographic element and the second 
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holographic element are substantially parallel to an alignment 
direction of the first holographic element and the second 
holographic element. 

According to this invention, by setting the directions 
of diffraction and the alignment direction of the first 
holographic element and the second holographic element 
substantially parallel, it is possible to make the space for 

U 

p arranging components thinner. 

P 

jfj In the invention it is preferable that an alignment 

m 

fU direction of the first light source and the second light source 

y i 

Un is substantially parallel to an alignment direction of the first 

D holographic element and the second holographic element. 
fU According to this invention, by setting the alignment 

Q direction of the first light source and the second light source 

m 

substantially parallel to the alignment direction of the rirst 
holographic element and the second holographic element, it is 
possible to make the space for arranging components thinner. 

In the invention it is preferable that the first holographic 
element and the second holographic element have a substantially 
equal grating pitch. 

According to this invention, by making the grating pitches 
of the first holographic element and the second holographic 
element substantially equal to one another, the diffraction 
efficiency of the holographic elements is matching, so that the 
read operation using the light beam LI or the light beam L2 is 
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stabilized, and moreover manufacture of the holographic elements 
is simplified, and thus manufacturing costs can be reduced. 

In the invention it is preferable that the first holographic 
element and the second holographic element have a plurality of 
small gratings which are divided into a plurality of regions, 
and 

grating pitches of the small gratings on the same 
holographic element are substantially equal. 

According to this invention, by making the grating pitches 
of the small gratings on the same holographic element 
substantially egual, the diffraction efficiency of the small 
gratings is matching, so that the read operation is stabilized, 
and moreover the manufacture of the holographic elements is 
simplified, and thus manufacturing costs can be reduced. 

In the invention it is preferable that the light receiving 
element is positioned so as to be closer to the focal position 
of Oth order diffracted light from the holographic element which 
converges light of the shorter wavelength of the light beam Ll 
and the light beam L2 than to the focal position of Oth order 
diffracted light from the holographic element which converges 
light of the longer wavelength of the light beam Ll and the light 
beam L2 . 

According to this invention, positioning the light 
receiving element closer to the focal position of the Oth order 
diffracted light of the holographic element for the shorter 



wavelength makes it possible to give the holographic elements 

a uniform grating pitch, so less precision is required when 

fabricating the holographic elements. 

In the invention it is preferable that the light receiving 

element has a plurality of light receiving regions for receiving 

light diffracted by the small gratings of the first holographic 

element and the second holographic element, 

a first light receiving region of the light receiving 

regions detects diffracted light including RF signals of a compact 

disk and diffracted light including RF signals of a digital 

versatile disk, and 

a second light receiving region of the light receiving 

regions detects diffracted light including RF signals of a compact 

disk and diffracted light including phase difference signals 

of a digital versatile disk. 

According to this invention, common light receiving 

regions are provided for detect ing RF signals and phase difference 
signals, which include high frequency components, making it 

possible to reduce the number of high-speed light receiving 
regions and to simplify the light receiving element. 

In the invention it is preferable that a shape of the second 
light receiving region is that of two intersect ing parallelograms 
extending along directions of diffraction of the holographic 
elements, wherein one of four corners of one of the parallelograms 
exists within the other parallelogram. 
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According to this invention, two diffracted light beams 
are received while reducing the light receiving area to a minimum, 
so a faster responding light receiving region can be achieved. 
Moreover, by forming the light receiving region in a shape in 
which one of the four corners of one parallelogram is included 
within the other parallelogram, it is possible to reduce the 
peripheral length of the light receiving region to a minimum, 
so that a faster responding light receiving region can be 
achieved. 

In the invention it is preferable that the plurality of 
light receiving regions are aligned perpendicular to an alignment 
direction of the first holographic element and the second 
holographic element. 

According to this invention, when the light beam L2 
ref lectedby the optical disk is incident on the first holographic 
element, its focal point is shifted away from the proper light 
receiving region, and also when the light beam LI reflected by 
the optical disk is incident on the second holographic element, 
its focal point is shifted away from the proper light receiving 
region. Consequently, undesired light due to defective 
separation can be prevented from being pro j ected onto the proper 
light receiving region. 

The present invention provides a holographic laser 
including : 

a first light source for emitting a light beam LI of a 
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first wavelength toward an optical disk; 

a second light source for emitting a light beam L2 of a 
second wavelength different from the first wavelength toward 
an optical disk; 

a wavelength separating element for separating the light 
beam LI and the light beam L2 reflected by the respective optical 
disks ; 

a first holographic element for converging the light beam 
LI separated by the wavelength separating element; 

a second holographic element for converging the light beam 
L2 separated by the wavelength separating element; and 

a light receiving element for receiving the light beam 
LI converged by the first holographic element and the light beam 
L2 converged by the second holographic element, 

wherein the second holographic element, the first 
holographic element, and the wavelength separating element are 
arranged in this order in a direction in which the light beam 
LI and the light beam L2 are emitted from the first and second 
light sources toward the respective optical disks, 

wherein the light receiving element is arranged so as to 
be located between a couple of the focal positions of the Oth 
order diffracted light of the first and second holographic 
elements and a couple of the first and second light sources on 
a virtual plane perpendicular to an optical axis of the light 
beam LI or light beam L2 emitted toward the optical disk from 
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the first or second light source onto which plane the light 

receiving element is projected, and 

wherein the first light source, the second light source, 

the wavelength separating element, the first holographic element, 

and the second holographic element are formed integrally into 

a single component. 

According to this invention, since the light receiving 
jj, element and the wavelength separating element are shared by both 

p the light beam Ll and the light beam L2, it is possible to reduce 

jji the number of components and to make the optical pickup smaller. 

ru 

ffj Moreover, the first and second holoaraohic elements are provided 

Un . i 

s for the light beam Ll and the light beam L2 , respectively, and 

o 

M< the first holographic element and the second holographic element 

*p; are disposed stacked on one another and are able to separately 

f|j adjust the optical axes and/or paths of the light beam Ll and 

the light beam L2, which have different wavelengths. This 
contributes to increasing production efficiency of the apparatus 
without necessitating highly precise assembly. 

The invention provides a holographic laser comprising: 
a first light source for emitting a light beam Ll of a 
first wavelength toward an optical disk; 

a second light source for emitting a light beam L2 of a 
second wavelength different from the first wavelength toward 
an optical disk; 

first and second wavelength separating elements for 
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respectively separating the light beam LI and the light beam 
L2 reflected by the respective optical disks; 

a first holographic element for converging the light beam 
LI separated by the first wavelength separating element; 

a second holographic element for converging the light beam 
L2 separated by the second wavelength separating element; and 

a light receiving element for receiving the light beam 
LI converged by the first holographic element and the light beam 

6 

in L2 converged by the second holographic element; 

Hi 

fjj wherein the first holographic element, the first 

jrj wavelength separating element, the second holographic element, 

p and the second wavelength separating element are arranged in 

ffj this order in a direction in which the light beam LI and the 

p light beam L2 are emitted from the first and second light sources 

Hi 

toward the respective optical disks; 

wherein the light receiving element is positioned between 
a focal position of Oth order diffracted light of the first 
holographic element and a focal position of Oth order diffracted 
light of the second holographic element; and 

wherein the first light source, the second light source, 
the first wavelength separating element, the second wavelength 
separatingelement, the first holographic element , and the second 
holographic element are formed integrally into a single 
component . 

According to this invention, the first and second 
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holographic elements, and the first and second wavelength 
separating elements are provided for the light beam LI and the 
light beam L2, respectively, and the first holographic element, 
the first wavelength separating element, the second holographic 
element, and the second wavelength separating element are 
disposed stacked on one another in this order and are capable 
of separately adjusting the optical axes and/or paths of the 
light beam LI and the light beam L2, which have different 
wavelengths. This contributes to increasing production 
efficiency of the apparatus without necessitating highly precise 
assembly. 

In the invention it is preferable that holograms formed 
in the first and second holographic elements are positioned away 
from light paths formed by the light beam LI and the light beam 
L2 from the first and second light sources to the optical disk. 

According to this invention, the light beam Ll and the 
light beam L2 do not pass through the holograms between emission 
from the first and second light sources and arrival at the optical 
disk. Thus, there is no quantitative loss in the light beams 
Ll and L2 due to diffraction, and therefore it is possible to 
write and read information to and from an optical disk at a high 
light intensity. 

It is preferable that the light beam Ll and the light beam 
L2 have different wavelengths, and the wavelength separating 
element separates the wavelengths of both the light beam Ll and 
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the light beam L2 . 

According to this invention, the light beams LI and L2, 
which are of different wavelengths, are wavelength-separated 
by a single common wavelength separating element, so the space 
for positioning components can be made thinner. 

In the invention it is preferable that the light beam Ll 
and the light beam L2 have different wavelengths, and the first 
p; wavelength separating element separates only the light beam Ll 

O wavelength, and the second wavelength separating element 

J separates only the light beam L2 wavelength. 

«0 According to this invention, the light beams Ll and L2, 

yn 

L. which are of different wavelengths, are wavelength-separated 

jf; by the first wavelength separating element and the second 

;f; wavelength separating element, respectively, so light of these 

wavelengths can be adjusted separately, and assembly into the 
apparatus is facilitated. 

In the invention it is preferable that the hologram formed 
in the first holographic element and the hologram formed in the 
second holographic element are positioned such that plus 
first-order diffracted light (hereinafter, referred to as "+lst 
order diffracted light") of the light beam Ll diffracted by the 
hologram formed in the first holographic element does not pass 
through the hologram formed in the second holographic element. 

According to this invention, the positions of the hologram 
formed in the first holographic element and the hologram formed 
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in the second holographic element are determined such that +lst 
order diffracted light of the light beam Ll which is diffracted 
by the hologram formed in the first holographic element does 
not pass through the hologram formed in the second holographic 
element, and therefore the harmful effect that +lst order 
diffracted light has on the detection of read signals from the 
information recording surface of an optical disk light by the 
M' receiving element can be avoided. 

Ei In the invention it is preferable that the hologram formed 

m 

m in the first holographic element and the hologram formed m the 

ru 

IT! second holographic element are positioned such that all of the 

m 

* light beam L2 passes through the hologram formed in the first 

t 5 ; holographic element and is incident on the hologram formed in 

«P the second holographic element. 

o 

flj According to this invention, all of the light beam L2 passes 

through the hologram formed in the first holographic element 
and is incident on the hologram formed in the second holographic 
element, so that light of different quantities, such as light 
that passes through the hologram formed in the first holographic 
element and light that does not, is not incident on the hologram 
formed in the second holographic element. Consequently, 
non-uniformities in the light intensity distribution of the 
diffracted light of the light beam L2 are not created by the 
hologram formed in the second holographic element, and the light 
receiving element has improved detection precision in reading 
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out signals from the information recording surface of the optical 
disk. 

In the invention it is preferable that a hologram formed 
in the first holographic element and a hologram formed in the 
second holographic element are positioned such that all of the 
light beam L2 that passes through the hologram formed in the 
first holographic element also passes through the hologram formed 
in the second holographic element; and 

the hologram formed in the second holographic element and 
the light receiving element are positioned such that neither 
+ lst nor -1st order diffracted light that is diffracted by the 
hologram formed in the second holographic element is incident 
on the light receiving element. 

According to this invention, all of the light beam L2 that 
passes through the hologram formed in the first holographic 
element also passes through the hologram formed in the second 
holographic element, and the hologram formed in the first 
holographic element, the hologram formed in the second 
holographic element, and the light receiving element are 
positioned such that neither positive or negative first-order 
diffracted light (hereinafter, referred to as "±lst order 
diffracted light") of the light beam L2 that is diffracted by 
the hologram formed in the second holographic element are incident 
on the light receiving element. Therefore, the harmful effect 
that ±lst order diffracted light has on the light receiving 
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element in detecting read signals from the information recording 
surface of an optical disk is avoided, and the precision of 
detecting the read out signals can be improved. 

The invention provides an optical laser pickup including: 
the above-described holographic laser; and 
an optical system for guiding light emitted from the 
holographic laser to an optical disk and guiding light reflected 
from the optical disk to the holographic laser. 

According to this invention, with a single optical pickup, 
it is possible to read from or write to a plurality of types 
of optical disks having different read wavelengths , and moreover 
the apparatus can be made compact and manufacturing costs can 
be reduced. 

According to the invention, it is possible to use the light 
beam LI of a first wavelength or the light beam L2 of a second 
wavelength to read or write to a plurality of types of optical 
disks having different read wavelengths. 

By sharing components and arranging them in a certainmanner , 
it is possible to achieve a reduction in the number of components, 
a more compact and thinner optical pickup, and a reduction in 
manufacturing costs. 

By arranging and shaping the light receiving regions of 
the light receiving element in a certain manner, it is possible 
to achieve a simpler light receiving element and higher response 
speeds . 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Other and further objects, features, and advantages of 
the invention will be more explicit from the following detailed 
description taken with reference to the drawings wherein: 

Fig. 1 is a partially transparent perspective view 
schematically showing the configuration of a holographic laser 
U 100 according an embodiment of to the invention; 

Q Fig. 2 is a cross-sectional view showing the internal 

III 

W configuration of the holographic laser 100 shown in Fig. 1; 

m 

II) Fig. 3 is a diagram illustrating the optical relationship 

m 

■ between the holograms 51 and 52 and the photodiode 44; 

Pi 

M 1 Fig. 4 is a structural diagram showing an embodiment of 

*p the optical pickup according to the invention; 

O 

Hi Fig. 5 is a structural diagram showing another embodiment 

of the optical pickup according to the invention; 

Figs. 6A to 6D are a cross-sectional views illustrating 
examples of how the semiconductor laser elements 41 and 42 are 
arranged; 

Fig. 7 is a partially transparent perspective view 
schematically showing the configuration of a holographic laser 
200 according to a second embodiment of the invention; 

Fig. 8 is a cross-sectional view showing the internal 
configuration of the holographic laser 200 shown in Fig. 7; 

Fig. 9 is a diagram illustrating the optical relationship 
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between the holograms 51 and 52 and the photodiode 44 in the 
holographic laser 200; 

Fig. 10 is a partially transparent perspective view 
schematically showing the configuration of a holographic laser 
210 according to a third embodiment of the invention; 

Fig. 11 is a cross-sectional view showing the internal 
configuration of the holographic laser 210 shown in Fig. 10; 

Fig. 12 is a diagram illustrating the optical relationship 
between the holograms 51 and 52 and the photodiode 44 in the 
holographic laser 210; 

Fig. 13 is a structural diagram illustrating an example 
of a conventional optical pickup; and 

Fig. 14 is a structural diagram illustrating another 
example of a conventional optical pickup. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Now referring to the drawings, preferred embodiments of 

the invention are described below. 

Fig. 1 is a partially transparent perspective view 

schematically showing the configuration of a holographic laser 

100 according to an embodiment of the invention. Fig. 2 is a 

cross-sectional view showing the internal configuration of the 

holographic laser 100 shown in Fig. 1. 

The holographic laser 100 includes a package 30 having 

a glass window 33 in a top plate 35; two semiconductor laser 



elements 41 and 42, and a photodiode 44 for detecting signals, 
accommodated inside the package 30; a holographic element 50, 
disposed proximate to or in close contact with the top of the 
glass window 33; and a wavelength separating element 60 disposed 
proximate to or in close contact with the top of the holographic 
element 50. The holographic laser 100 is formed integrally as 
a single component. 

The package 30 has for example an oval internal holding 
space and has a plurality of connection terminals 31 extending 
from the outside surface of a bottom plate 36; a cap 32 blocking 
the internal holding space from the outside; the glass window 
33 fastened to the opening of the top plate 35 of the cap 32; 
and a heat sink 34 provided on the inside surface of the bottom 
plate 36. The semiconductor laser elements 41 and 42 and the 
photodiode 44 are mounted on the heat sink 34. 

The semiconductor laser element 41 emits a light beam LI 
that is a red laser light beam having an emission wavelength 
of for example 650 nm and is used as the read light for DVDs. 
The semiconductor laser element 42 is disposed near the 
semiconductor laser element 41 and emits a light beam L2 that 
is an infrared laser light beam having an emission wavelength 
of for example 780 nm and used as the read light for CDs. 

The holographic element 50 is a rectangular solid made 
of a transparent material, and a diffraction grating 53 is formed 
at its bottom surface on the side of the glass window 33. The 



22 



diffraction grating 53 is for diffracting the laser light to 
generate three beams of light, which are used for detecting the 
tracking signals of the optical disk. The diffraction grating 
53 has diffraction properties that are optimized, for example, 
for the read-out wavelength of 780 nm of CDs. 

A hologram 51 and a hologram 52 are formed at a predetermined 
distance from one another at the upper face of the holographic 
H' element 50. The hologram 51 is for diffracting light of 650 

C nm wavelength reflected by the optical disk and converging it 

5 s ! onto the light receiving surface of the photodiode 44. The 

fU 

W. hologram 52 is for diffracting light of 780 nm wavelength 

IT! 

reflected by the optical disk and converging it onto the light 
jf; receiving surface of the photodiode 44. 

"+ ! Thus, by forming the diffraction grating 53 and the 

holograms 51 and 52 integrally with the holographic element 50, 
the number of optical components can be reduced. 

The photodiode 4 4 is disposed within the plane (paper plane 
of Fig. 2) defined by the alignment direction of the two holograms 
51 and 52 and the optical axes of the laser light, and is positioned 
between the holograms 51 and 52 when observed along the optical 
axes and is disposed between the focal position of the 0th order 
diffracted light of the hologram 51 and the focal position of 
the 0th order diffracted light of the hologram 52. This 
positional relationship makes it possible to guide light of 
different wavelengths to the same light receiving position. 
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The holograms 51 and 52 diffract light with the same 
principle as a diffract ion grating, and their diffraction grating 
pitch is determined by the angle of diffraction. The smaller 
the diffraction grating pitch, the higher the demand for 
production precision, so the pitch of the diffraction grating 
is preferably large. 

When the photodiode 44 is not between the holograms 51 
and 52, then the angle of diffraction for the hologram farther 
from the photodiode 44 increases, and as a result the diffraction 
grating pitch of that hologram must be made small. 

In the invention, the photodiode 44 is disposed between 
the holograms 51 and 52 and receives light that is diffracted 
by the hologram 51 toward hologram 52 and light that is diffracted 
by the hologram 52 toward the hologram 51, so that the diffraction 
grating pitch does not have to be made small, requiring less 
production precision and also contributing to making the package 
30 smaller. 

Red laser light from the semiconductor laser element 41, 
infrared laser light from the semiconductor laser element 42, 
and light reflected by the optical disk and arriving at the 
photodiode 44 passes through the glass window 33 of the package 
30. To prevent condensation, the void between the holographic 
element 50 and the glass window 33 is sealed after filling it 
with dry air, for example, or is ventilated to the outside. It 
should be noted that it is also possible to fix the holographic 
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element 50 directly to the top plate opening of the cap 32, omitting 
the glass window 33. 

The package 30 is mounted on the optical pickup such that 
it can be rotatably adjusted around the optical axis of the laser 
light so as to adjust the tracking position of the three light 
beams diffracted by the diffraction grating 53. It is also 
preferable that the package 30 is more oval than circular so 
as to reduce the thickness of the optical pickup. Thus, it is 
preferable that the semiconductor lasers 41 and 42 , the holograms 
51 and 52, and the wavelength separating element 60 are disposed 
along the longitudinal direction of the oval package. 

The wavelength separating element 60 is mounted on the 
holographic element 50, and includes, for example, a separating 
filter 61, which is for separating light of 780 nm wavelength 
and light of 650 nm wavelength reflected from the optical disk, 
and a reflecting mirror 62, which is for downward reflection 
of one of the reflected light beams separated by the separating 
filter 61, for example the reflected light beam of 650 nm 
wavelength. The separating filter 61 and the reflecting mirror 
62 are formed integrally as a single optical component. A cover 
glass 63 can also be provided when necessary, as illustrated 
in Fig. 2. 

There are two possible configurations for the separating 
filter 61: a) a polarizing prism configuration, in which light 
is separated according to differences in polarization direction, 
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and b) a wavelength selecting filter configuration, in which 
light is separated according to differences in wavelength . When 
the polarization prism configuration is used, possible 
characteristics are that reflected light of 780 nm wavelength 
passes the separating filter 61 in TE mode and reflected light 
of 650 nm wavelength is reflected in TM mode. When the wavelength 
selecting filter format is used, possible characteristics are 
that the reflected light of 780 nm wavelength passes the 
separating filter 61 and the reflected light of 650 nm wavelength 
is reflected. 

Reflected light having a wavelength of 650 nm that has 
been reflected by the reflecting mirror 62 is diffracted by the 
hologram 51 and transformed primarily into minus first-order 
diffracted light (hereinafter written as "-1st order diffracted 
light") , 0th order diffracted light, and +lst order diffracted 
light, of which the -1st order diffracted light is incident on 
the photodiode 44. The 0th order diffracted light and the +lst 
order diffracted light are not used. 

Reflected light having a wavelength of 780 nm that has 
been passed through the separating filter 61 is diffracted by 
the hologram 52 and transformed primarily into -1st order 
diffracted light, 0th order diffracted light, and +lst order 
diffracted light, of which the +lst order diffracted light is 
incident on the photodiode 44. 

Fig. 3 is a diagram illustrating the optical relationship 
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between the holograms 51 and 52 and the photodiode 44. The 
hologram 51 for DVDs is split three ways into one small grating 
in the shape of a half-circle and two small gratings in the shape 
of quarter circles, and the small gratings are set so that they 
each have a different direction of diffraction (direction 
perpendicular to the grating grooves) . The hologram 52 for CDs 
is split two ways into two small gratings in the shape of half 
H' circles, and the small gratings are set so that they each have 

0 a different direction of diffraction (direction perpendicular 

m 

to the grating grooves) . 

Hj For the performance of the small gratings, the diffraction 

efficiencies of the Oth order diffracted light and the ±lst 

Jf; order diffracted light, and the ratio thereof, are essential. 

+' The small gratings preferably all have an equal grating pitch, 

which gives the small gratings matching diffraction efficiency, 
and in particular makes it possible to make the ratio of those 
diffraction efficiencies constant. It is preferable that the 
holograms 51 and 52 are given an equal grating pitch, because 
then their diffraction efficiency matches one another and 
manufacturing costs can be reduced. 

The alignment direction of the holograms 51 and 52 can 
be set parallel to the alignment direction of the semiconductor 
laser elements 41 and 42 to make the package 30 more compact 
and simple. 

The -1st order diffracted light that has been diffracted 
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by the small grating of the hologram 51 and the +lst order 
diffracted light that has been diffracted by the small grating 
of the hologram 52 both arrive at the same spot on the photodiode 
44. On the other hand, if manufacturing variations in the 
separating filter 61 result in incomplete separation of the 
reflected light of 650 nm wavelength and the reflected light 
of 780 nm wavelength, when a portion of the reflected light of 
650 nm wavelength is incident on the hologram 52 , or when a portion 
of the reflected light of 780 nm wavelength is incident on the 
hologram 51, that light shifts along the direction of diffraction 
fromits original focal position. As a countermeasure, the light 
receiving regions of the photodiode 44 are aligned perpendicular 
to the alignment direction of the holograms 51 and 52 so as to 
prevent unwanted light due to inadequate beam-separating from 
being incident on the proper light receiving region. For example, 
when the reflected light of 780 nm wavelength is incident on 
the hologram 51, the angle of diffraction is increased, and the 
light converged to a focal point shifted away from the proper 
light receiving region toward the hologram 52 . Conversely, when 
the reflected light of 650 nm wavelength is incident on the 
hologram 52 the angle of diffraction is decreased, and the light 
converged to a focal point removed from the proper light receiving 
region toward the hologram 51. 

The photodiode 44 is arranged between the holograms 51 
and 52, slightly off center between the two toward the hologram 
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51. When the grating pitches of the holograms 51 and 52 are 
all equal, the light with the shorter wavelength has a smaller 
angle of diffraction, and in this case the angle of diffraction 
of the 650 nm wavelength light is smaller than that of the light 
having a wavelength of 780 nm. Consequently, by proportionally 
dividing the distance between the holograms 51 and 52 with 
consideration of the difference in the angle of diffraction 
between the 650 nm and the 780 nm wavelength light, it is possible 
to determine the spot at which both have the same focal point, 
and the photodiode 44 can be arranged at that spot. 

As shown in Fig. 3, the light receiving regions SI to S10 
of the photodiode 44 have an elongated shape and their 
longitudinal direction is arranged parallel to the diffraction 
direction of the small grating to which they correspond. The 
longitudinal dimensions of the light receiving regions allow 
for shifts in the focal position resulting from fluctuations 
in the wavelength of the light source, and are set to a length 
at which the capacitance of the light receiving surface is not 
very large. It should be noted that in Fig. 3 the black 
semicircles are the reflection spots of a CD, and the white 
semicircles and the white quarter-circles are the reflection 
spots of a DVD. 

The light receiving regions SI to S10 are selectively used 
to create focus error signals, RF signals, and tracking error 
signals during the read out of CDs and DVDs, and receive signal 
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lights having identical roles when reading CDs and DVDs. For 
example, the light receiving region for obtaining RF signals 
when reading out a CD, and the light receiving region for obtaining 
RF signals and phase difference signals when reading out a DVD, 
require high-speed response properties, and in Fig. 3 the light 
receiving regions S6 and S7 detect the RF signal of a CD and 
the RF signal of a DVD, and the light receiving region S2 detects 
M, the RF signal of a CD and one of either the RF signal or the 

p phase difference signal of a DVD. The other of the RF signal 

m 

ffi or phase difference signal of a DVD is detected by the light 

ry 

tjn receiving region S10. 

If! 

■ The light receiving regions SI, S3, S4, and S9 are for 

o 

M" detecting the tracking error signals of CDs, and do not require 

ill 

■E especially high response speeds. The light receiving regions 

o 

fU S5 and S8 are for canceling out stray light into the FES signal 

due to the two-layered nature of DVDs, and no light is incident 
on them during signal reproduction, so that they do not require 
high response speeds. 

The light receiving region S2 is for detecting light 
diffracted from the small gratings of the holograms 51 and 52, 
and because the central axes of the diffracted light beams are 
different, the light receiving region S2 has the shape of two 
intersecting parallelograms. To raise the response speed of 
the light receiving region S2, the light receiving area and the 
length of the perimeter of the light receiving region are 
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preferably made as small as possible. To reduce the light 
receiving area, the light receiving region S2 has a shape in 
which the two parallelogram-shaped light receiving regions are 
directly stacked on one another. To reduce the length of the 
perimeter, the light receiving region S2 has a shape in which 
one of the four corners of one parallelogram is included within 
the other parallelogram. 

Fig. 4 is a structural diagram showing an embodiment of 
the optical pickup according to the invention. The optical 
pickup includes, for example, the above-described holographic 
laser 100 and an optical system for guiding read light from the 
holographic laser 100 to an optical disk such as a CD or DVD 
and guiding light reflected from the optical disk to the 
holographic laser 100. 

The optical system is made up of a collimating lens 110, 
a wavelength selecting aperture 120, and an objective lens 150, 
for example. The collimating lens 110 turns CD read light and 
DVD read light from the holographic laser 100 into substantially 
parallel light, and converges CD reflected light and DVD reflected 
light from the optical disk toward the holographic laser 100. 

The wavelength selecting aperture 120 has a region for 
transmitting light in which the dimensions of the apertures are 
different depending on the wavelength, and are optimized for 
the light beam LI, which has a wavelength of 650 ran, and the 
light beam L2, which has a wavelength of 780 nm, so as to prevent 
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stray light. 

The objective lens 150 focuses CD read light and DVD read 
light onto the recording surface of the optical disk, and 
converges CD reflected light and DVD reflected light from the 
optical disk. 

Fig. 5 is a structural diagram showing another embodiment 
of the optical pickup according to the invention. The optical 
pickup includes, for example, the above holographic laser 100 
and an optical system for guiding read light from the holographic 
laser 100 to an optical disk such as a CD or DVD and guiding 
light reflected from the optical disk to the holographic laser 
100. The optical system is made up of the same collimating lens 
110 as in Fig. 4, an upright mirror 130, and the same objective 
lens 150 as in Fig. 4, for example. 

With this configuration, a thinner overall apparatus can 
be attained by using an oval package for the holographic laser 
100, setting the hologram diffraction directions parallel to 
the arc direction of the oval package, and using the upright 
mirror 130 to bend the optical axes 90 degrees. 

Next the operation for reading out signals from optical 
disks will be explained. When a DVD is set as the optical disk, 
the semiconductor laser element 41 is activated and emits 650 
nm wavelength light for reading the DVD, which passes through 
the optical system of the optical pickup and is focused on the 
recording surface of the DVD. Light reflected from the DVD 
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changes in intensity depending on whether or not there are 
recording pits, and once again passes through the optical system 
of the optical pickup, enters the wavelength separating element 
60 of the hologram laser 100 and is then reflected by the separating 
filter 61 and the reflecting mirror 62, and finally is diffracted 
by the hologram 51 and converged onto the light receiving surface 
of the photodiode 44. 

On the other hand, when a CD is set as the optical disk, 
the semiconductor laser element 42 is activated and emits 780 
nm wavelength light for reading the CD, which passes through 
the optical system of the optical pickup and is focused on the 
recording surface of the CD. Light reflected from the CD changes 
in intensity depending on whether or not there are recording 
pits, and once again passes through the optical system of the 
optical pickup, enters the wavelength separating element 60 of 
the hologram laser 100 and transmitted by the separating filter 
61, and finally diffracted by the hologram 52 and converged onto 
the light receiving surface of the photodiode 44. 

DVD reflected light and CD reflected light is diffracted 
by the small gratings of the holograms 51 and 52, and arrives 
at the plurality of light receiving regions SI to S10 shown in 
Fig. 3. The signals detected by the light receiving regions 
can be selectively used to create focus error signals, RF signals, 
and tracking error signals when reading CDs and when reading 
DVDs. For example, focus error signals when reading CDs and 
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DVDs can be created for example by the knife edge method or the 
spot size method, tracking error signals when reading CDs can 
be created for example by the three-beam method or by the DPP 
method, using the diffraction grating 53, and tracking error 
signals when reading a DVD can be created for example by the 
differential phase detection (DPD) method. 

Figs. 6A to 6D are cross-sectional views showing examples 
of the ways the semiconductor laser elements 41 and 42 can be 
arranged. Fig. 6A shows an example in which the semiconductor 
laser elements 41 and 42 are arranged by separately fixing two 
laser chips onto the same substrate (stem or sub-mount) made 
of Si or SiC, for example. With this configuration, the type 
of laser chips can be freely selected, so that the semiconductor 
laser element 41 of 650 nmwavelength can be configured for example 
by a low output (about 7 mW) laser for reproducing signal only, 
and the semiconductor laser element 42 of 780 nmwavelength can 
be configured by a high output (30 mW or more) laser for both 
reproducing and writing signals. 

Fig. 6B illustrates a configuration in which two laser 
chips are stacked vertically. Fig. 6C illustrates a 
configuration in which two laser chips are integrated in parallel 
on the same substrate with the spacing between their respective 
light-emission points set to about 100 /zm. Fig. 6D illustrates 
a configuration in which two laser chips are integrated diagonally 
on the same substrate with the spacing between their respective 
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light-emission points set to about 20 iim. 

In Figs. 6B to 6D, two laser chips are formed as one unit 
on the same substrate made of GaAs , for example, so that the 
laser emission points can be positioned with high precision using 
a photomask, for example, and variations in the spacing between 
the light-emission points can be kept to about several /zm, so 
the assembly precision of the holographic laser 100 can be 
increased. 

Fig. 7 is a partially transparent perspective view 
schematically showing the configuration of a holographic laser 
200 according to a second embodiment of the invention. Fig. 
8 is a cross-sectional view showing the internal structure of 
the holographic laser 200 shown in Fig. 7 . The holographic laser 
200 of this embodiment is similar to the holographic laser 100 
of the first embodiment, and corresponding parts are given the 
same reference numerals, omitting further explanation thereof. 

The holographic laser 200 is provided with a wavelength 
separating element 203 for separating the light beam Ll and the 
light beam L2 reflected by the optical disk, a first holographic 
element 201 for focusing the light beam Ll separated by the 
wavelength separating element 203, and a second holographic 
element 202 for focusing the light beam L2 separated by the 
wavelength separating element 203. A characteristic feature 
here is that the first and second holographic elements 201 and 
202 are provided separately. In rhis embodiment, the hologram 
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51 for diffracting and converging the LI light having a wavelength 
of 650 nm is formed in the first holographic element 201, and 
the hologram 52 for diffracting and converging the L2 light having 
a wavelength of 780 nm is formed in the second holographic element 
202. 

The second holographic element 202, the first holographic 
element 201, and the wavelength separating element 203 are 
y, disposed in this order in the direction in which the light beam 

b 

Q Ll and the light beam L2 are emitted from the first and second 

m 

fji light sources 41 and 42 toward the optical disk, and a wavelength 

lf\ plate 204 is provided on the wavelength separating element 203 

tj] 

= to the side opposite the first holographic element 201. It is 

H also possible to provide a cover glass 63 above the wavelength 

4=; plate 204 . 

fU The wavelength separating element: 203 is provided with 

a polarizing prism 205 and a reflecting mirror 206. The 
polarizing prism 205 has the property of transmitting light when 
the direction of polarization of the laser is a p-wave, and 
reflects light when the direction of polarization of the laser 
is an s-wave. Here the wavelength plate 204 provided above the 
wavelength separating element 203 has a guarter-wavelength phase 
difference with respect to the light beam Ll, which has a 
wavelength of 650 nm, and transforms the light beam Ll from a 
p-wave into an s-wave because the light beamLl, by twice passing 
through the wavelength plate 204, first as read light emitted 
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from the first light source 41 and then as light reflected from 
the optical disk, is phase-shifted by half a wavelength. 
Consequently, the polarizing prism 205 transmits both read light 
beams LI and L2 that are emitted from the first and second light 
sources 41 and 42, and reflects both the signal light beams LI 
and L2 that are reflected by the optical disk and guides them 
to the reflecting mirror 206. Then, the light beam LI or the 
H light beam L2 reflected by the reflecting mirror 206 is 

D transmitted through the first and second holograms 201 and 202 

W 

and, diffracted and converged, and then received by the light 

W 

W receiving element 44. Here the wavelength separating element 

m 

5 203 includes the polarizing prism 205, however, it is also 

O 

N- possible to use a wavelength selecting filter instead of the 

W 

+ : polarizing prism 205. 

hJ In this embodiment the light receiving element 4 4 is 

disposed in the position described below. The light receiving 
element 44, the focal position of the 0th order diffracted light 
of the first and second holographic elements 201 and 202, and 
the first and second light sources 41 and 42 are each projected 
onto a virtual plane that is perpendicular to the optical axes 
of the light beam LI or the light beam L2 emitted toward the 
optical disk from the first or second light sources 41 or 42. 
The light receiving element 44 is disposed such that when it 
is projected onto this virtual plane, it is positioned between 
the focal position of the 0th order diffracted light of the first 
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and second holographic elements 201 and 202 and the first and 
second light sources 4 1 and 42 alsoproj ected onto the same virtual 
plane . 

In the holographic element 200, the first and second 
holographic elements 201 and 202 are provided for the light beam 
LI and the light beam L2 , respectively, and the first holographic 
element 201 and the second holographic element 202 are disposed 
on top of one another and are capable of separately adjusting 
the optical axes and/or light paths of the light beam LI and 
the light beam L2, which each have different wavelengths. 

Fig. 9 is a diagram illustrating the optical relationship 
in the holographic laser 200 between the holograms 51 and 52 
and the photo diode 44. Referring to Fig. 9, the following 
explains how the light beam LI and the light beam L2 are received 
by the light receiving element 44 . Like in the holographic laser 
100 of the first embodiment, the light receiving regions Dl to 
D10 of the photodiode 44 have the elongated shape depicted in 
Fig. 9, and are set such that in their longitudinal direction 
they are parallel to the direction of diffraction of the small 
grating to which they correspond. InFig. 9 the black semicircles 
and the black quarter-circles are the reflection spots of a CD, 
and the white semicircles and the white quarter-circles are the 
reflection spots of a DVD. 

Signal detection during the read out of CDs takes places 
as follows. The light receiving regions D4 , D6, D5 , and D7 detect 
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focus error signals (FESs) , the light receiving regions D2 , D4 , 
D6, D5, D7, and D9 detect RF signals, and the light receiving 
regions Dl, D2, D3, D8, D9, and D10 detect tracking error signals . 

Signal detection during the read out of DVDs takes places 
as follows. The light receiving regions D4 , D6, D5, and D7 detect 
focus error signals (FESs) , the light receiving regions D2 , D4 , 
D6, D5, D7, and D9 detect RF signals, and the light receiving 
►j' regions D2 and D9 detect tracking error signals. 

C Next is a description of how signals are read out from 

5n optical disks with the holographic laser 200 of this embodiment . 

& First, when a DVD is set as the optical disk, the light beam 

If! 

a LI having 650 nm wavelength for reading DVDs is emitted from 

p 

Jf; the first light source 41 and passes through the polarizing prism 

+; 205 of the wavelength separating element 203, is then transmitted 

w by the wavelength plate 204, where it is phase-shifted by a quarter 

wavelength, and then passes through the optical system of the 
optical pickup and is focused on the recording surface of the 
DVD. When the light beam LI arrives at the recording surface 
of the DVD it has passed through the first and second holographic 
elements 201 and 202, however, it has not passed through the 
holograms 51 and 52 formed in the first and second holographic 
elements 201 and 202, respectively. 

The intensity of the light reflected by the DVD changes 
depending on whether there are recording pits and the reflected 
light is once again passed through the optical system of the 
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optical pickup, and then by once again passing through the 
wavelength plate 204 it is phase-shifted by a quarter wavelength 
(resulting in a total phase shift of half a wavelength) and is 
incident on the wavelength separating element 203. This light 
beam LI incident on the wavelength separating element 203 is 
reflected by the polarizing prism 205 and the reflecting mirror 
206, and is guided to the hologram 51 formed in the first 

f=* holographic element 201. The light beam LI is then diffracted 

O 

P by passing through the hologram 51, which generates primarily 

iii 

ffi -1st order diffracted light, 0th order diffracted light, and 

yFj +lst order diffracted light. The relative positional 

» relationship of the hologram 51 and the hologram 52 is determined 

f* such that, of these diffraction lights, the +lst order diffracted 

Ff ! 

=C; light is not incident on the hologram 52 formed in the second 

fy holographic element 202. 

The holograms have been arranged such that the -1st order 
diffracted light and the 0th order diffracted light diffracted 
by the hologram 51 are both incident on the hologram 52. Here, 
the -1st order diffracted light is used for signal detection, 
so it is preferably received by the light receiving element 
without passing through the hologram 52. However, to meet 
demands for more compact apparatus there are often limitations 
placed on the dimensions for the package 30, so that it is difficult 
to position the holograms such that neither the -1st order 
diffracted light nor the 0th order diffracted light pass through 
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the hologram 52 and furthermore that only the -1st order 
diffracted light is received by the light receiving element 44. 
Consequently, in this embodiment the holograms are arranged such 
that all of the -1st order diffracted light and the Oth order 
diffracted light are passed through the hologram 52 to prevent 
non-uniformities in the quantity of light caused by whether or 
not the light is passed through the hologram 52. Furthermore, 
the positions of the holograms were determined so that the light 
receiving element 44 is positioned in the above-mentioned virtual 
plane between the first light source 41 and the focal position 
of the Oth order diffracted light of the light beam LI generated 
by the hologram 51, such that, of the -1st order diffracted light 
and the Oth order diffracted light that are passed through the 
hologram 52 , only the -1st order diffracted light can be received 
by the light receiving element 44 . Thus, signal detection using 
only the -1st order diffracted light is achieved. 

On the other hand, when a CD is set as the optical disk, 
the light beam L2 having 780 nm wavelength for reading CDs is 
emitted from the second light source 42 and passes through the 
polarizing prism 205 of the wavelength separating element 203 
and then passes through the wavelength plate 204 and the optical 
system of the optical pickup and is focused on the recording 
surface of the CD. At this time, the light beam L2 passes through 
the first and second holographic elements 201 and 202, however, 
it does not pass through the holograms 51 and 52 formed in the 



first and second holographic elements 201 and 202 , respectively, 
before arriving at the recording surface of the CD. 

The intensity of light ref lectedby the CDchanges depending 
on whether there are recording pits and the reflected light is 
once again passed through the optical system of the optical pickup 
and the wavelength plate 204 and is incident on the wavelength 
separating element 203. The light beam LI incident on the 
wavelength separating element 203 is reflected by the polarizing 
prism 205 and the reflecting mirror 206, and is guided into the 
hologram 51 formed in the first holographic element 201. 

The light beam L2, however, is completely transmitted by 
the hologram 51, and furthermore the positioning of the hologram 
51 and the hologram 52 is determined such that after being 
transmitted by the hologram 51 all of this light is then incident 
on the hologram 52. This is to prevent non-uniformities in the 
quantity of light of the signal received by the light receiving 
element 44, which result from differences in the quantity of 
light due to the existence of light that is passed through the 
holograms 51 and 52 and light that is not passed through the 
holograms 51 and 52. 

In particular, the hologram 51 for diffracting the light 
beam LI may also diffract the light beam L2 . When the light 
beam L2 is diffracted by the hologram 51, even though only 0th 
order diffracted light from the hologram 51 is used for signal 
detection, because of apparatus compactness limitations it is 
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difficult to arrange the holograms such that only Oth order 
diffracted light and no ±lst order diffracted light is incident 
on the hologram 52, and therefore as described earlier the 
holograms are arranged such that all of the light beam L2 that 
passes through the hologram 51 is incident on the hologram 52. 

Of the light beam L2 that is diffracted by passing through 
the hologram 52, which was formed originally in the second 
holographic element 202 for the purpose of diffracting the light 
beam L2, only the -1st order diffracted light is used for signal 
detection, so the hologram 52 and the light receiving element 
44 are arranged such that in the above-mentioned virtual plane 
they are located between the second light source 42 and the focal 
position of the Oth order diffracted light of the light beam 
L2 caused by the hologram 52, such that only the -1st order 
diffracted light of the light beam L2 caused by the hologram 
52 is received and its Oth order and +lst order diffracted light 
is not received. 

Thus, with the holographic laser 200 of this embodiment, 
it is possible to separately adjust the optical axes and/or paths 
of the different wavelength light beams LI and L2, thus 
contributing to increasing the production efficiency of the 
apparatus without reguiring a high degree of assembly precision. 
Moreover, the light beams LI and L2 do not pass through the 
holograms 51 and 52 between being emitted from the first and 
second light sources 41 and 42 and arriving at the optical disk, 
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so there is no quantitative loss of light due to the creation 
of diffracted light, and information can be written to or read 
from an optical disk at high light intensities. 

Fig. 10 is a partially transparent perspective view 
schematically illustrating the structure of a holographic laser 
210 according to a third embodiment of the invention. Fig. 11 
is a cross-sectional view illustrating the internal structure 

yi ; of the holographic laser 210 shown in Fig. 10. The holographic 

O 

•Q laser 210 of this embodiment is similar to the holographic laser 

lr 200 of the second embodiment, so corresponding parts are given 

if! the same reference numerals, omitting their further explanation . 

m 

s The holographic laser 210 is provided with a first 

jM, wavelength separating element 211 for wavelength separation of 

the light beamLl reflected by an opt ical disk, a second wavelength 

b 

m separating element 212 for wavelength separation of the light 

beam L2 reflected by an optical disk, a first holographic element 
201 for focusing the light beam LI that has been separated by 
the first wavelength separating element 211, and a second 
holographic element 202 for focusing the light beam L2 that has 
been separated by the second wavelength separating element 212 . 
A characteristic feature here is that the first and second 
holographic elements 201 and 202 and the first and second 
wavelength separating elements 211 and 212 are provided 
separately. In this embodiment, a hologram 51 for diffracting 
and converging the light beam LI of a wavelength of 650 nm is 
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formed in the first holographic element 201, and a hologram 52 
for diffracting and converging the light beam L2 of a wavelength 
of 780 nm is formed in the second holographic element 202. 

The first holographic element 201, the first wavelength 
separating element 211, the second holographic element 202, and 
the second wavelength separating element 212 are arranged in 
this order in the direction in which the light beam LI and the 
light beam L2 are emitted from the first and second light source 
41 and 42 toward the optical disk. A wavelength plate 204 is 
provided on the second wavelength separating element 212 on the 
side opposite the second holographic element 202. It is also 
possible to provide a cover glass 63 above the wavelength plate 
204 . 

The first wavelength separating element 211 is provided 
with a polarizing prism 213 and a reflecting mirror 214. The 
polarizing prism 213 has the characteristic that it transmits 
light when the polarization direction of the laser is that of 
a p-wave, and reflects light when the polarization direction 
of the laser is that of an s-wave . Like in the second embodiment, 
the light beam LI emitted from the first laser source 41 is 
phase-shifted by half a wavelength by twice passing through the 
polarizing plate 204, first as read light and then as light 
reflected from the optical disk, and thereby transformed from 
p-wave to s-wave light. Consequently, the polarizing prism 213 
transmits the read light of the light beam LI emitted from the 
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first light source 41 and reflects the signal light of the light 
beam LI that is reflected from the optical disk and guides it 
toward the reflecting mirror 214. Moreover, the light beam LI 
reflected by the reflecting mirror 214 is then diffracted and 
converged by passing through the first holographic element 201, 
and is received by the light receiving element 44. It should 
be noted that the light beam L2 that is reflected by the optical 
disk is then ref lected by the second wavelength separating element 
212, which is described below, and thus the holographic laser 

if! 

f 1 210 is configured such that the reflected light beam L2 is not 

ry 

^ incident on the first wavelength separating element 211. 

y] 

t The second wavelenath separating element 212 is provided 

O 

with a wavelength selecting filter 215 and a reflecting mirror 
J 216. The wavelength selecting filter 215 has the feature of 

|U reflecting the 780 nm wavelength light beam L2 and transmitting 

the 650 nm wavelength light beam Ll , and transmits the read light 
of the light beam L2 emitted from the second light source 42, 
but reflects the signal light of the light beamL2 that is reflected 
from the optical disk and guides it to the reflecting mirror 
216. Then, the light beam L2 that is reflected by the reflecting 
mirror 216 is diffracted and focused by passing through the second 
holographic element 202, and is received by the light receiving 
element 44. 

In this embodiment, the light receiving element 44 is 
disposed between the focal position of the 0th order diffracted 
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light of the first holographic element 201 and the focal position 
of the Oth order diffracted light of the second holographic 
element 202. More specifically, the light receiving element 
44 is arranged in a position such that it receives the +lst order 
diffracted light but not the Oth order and -1st order diffracted 
light of the light beam LI that is diffracted by the first 
holographic element 201, and that it receives the -1st order 
diffracted light and but not the Oth order or +1 order light 
of the light beam L2 that is diffracted by the second holographic 
element 202. 

In the holographic laser 210, the first and second 
holographic elements 201 and 202 and the first and second 
wavelength separating elements 211 and 212 are provided for the 
light beams LI and L2 , respectively. The first holographic 
element 201, the first wavelength separating element 211, the 
second holographic element 202, and the second wavelength 
separating element 212 are disposed stacked top of one another 
and are capable of separately adjusting the light axes and/or 
the paths of the light beam LI and the light beam L2, which have 
different wavelengths. 

Fig . 12 is a diagram illustrating the optical relationship 
between the holograms 51 and 52 and the photodiode 44 in the 
holographic laser 210. Referring to Fig. 12, the following 
describes how the light beam LI and the light beam L2 are received 
by the light receiving element 44. Like the holographic laser 
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200 of the second embodiment, the light receiving regions Ql 
to Q10 of the photodiode 44 have the elongated shape shown in 
Fig. 12, and are arranged such that their longitudinal direction 
is parallel to the direction of diffraction of the small grating 
to which they correspond. In Fig. 12 the black half-circles 
and the black quarter-circles are the reflection spots of a CD, 
and the white half-circles and the white quarter-circles are 
the reflection spots of a DVD. 

Signal detection during the read out of CDs takes places 
as follows. The light receiving regions Q4 , Q6, Q5, and Q7 detect 
focus error signals (FESs) , the light receiving regions Q2 , Q4 , 
Q6, Q5, Q7, and Q9 detect RF signals, and the light receiving 
regions Ql, Q2, Q3, Q8 , Q9, and Q10 detect tracking error signals . 

Signal detection during the read out of DVDs takes places 
as follows. The light receiving regions Q4 , Q6, Q5, and Q7 detect 
focus error signals (FESs) , the light receiving regions Q2 , Q4 , 
Q6, Q5, Q7, and Q9 detect RF signals, and the light receiving 
regions Q2 and Q9 detect tracking error signals. 

Next is a description of how signals are read out from 
optical disks with the holographic laser 210 of this embodiment . 
First, when a DVD is set as the optical disk, the light beam 
LI having 650 nm wavelength for reading DVDs is emitted from 
the first light source 41 and is transmitted by the first 
holographic element 201 and the polarizing prism 213 of the first 
wavelength separating element 211, is next transmitted by the 
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second holographic element 202 and the wavelength selecting 
filter 215 of the second wavelength separating element 212, and 
is then further transmitted by the wavelength plate 204, where 
it is phase-shifted by a guarter wavelength, after which it passes 
through the optical system of the optical pickup and is focused 
on the recording surface of the DVD. It should be noted that 
as mentioned earlier, the light beam LI has passed through the 
first and second holographic elements 201 and 202, however, it 
has not passed through the holograms 51 and 52 formed in the 
first and second holographic elements 201 and 202 , respectively, 
before arrives at the recording surface of the DVD. 

Light reflected by the DVD changes in intensity depending 
on whether there are recording pits, is again passed through 
the optical system of the optical pickup, and then, by once again 
passing through the wavelength plate 204, it is phase-shifted 
by a guarter wavelength (resulting in a total phase shift of 
half a wavelength) and is incident on the second wavelength 
separating element 212 . This light beamLl incident on the second 
wavelength separating element 212 is transmitted through the 
wavelength selecting filter 215, which has the property of 
transmitting light having a wavelength of 650 run, is again 
transmitted through a portion of the second holographic element 
202 in which the hologram 52 is not formed, and then is incident 
on the first wavelength separating element 211. 

The light beam LI that is incident on the first wavelength 



separating element 211 is reflected by the polarizing prism 213 
and the reflecting mirror 214 and guided to the hologram 51 formed 
in the first holographic element 201. By passing through the 
hologram 51, the light beam LI is diffracted primarily into -1st 
order diffracted light, 0th order diffracted light, and +lst 
order diffracted light, and as illustrated earlier , the hologram 
51 and the light receiving element 44 are disposed such that 

u the light receiving element 44 receives only the +lst order 

=— •• 

p diffracted light. Consequently, only the +lst order diffracted 

m 

J light is used for signal detection, and the 0th order and -1st 

f[l 

Ifi order diffracted light are not used. 

J" On the other hand, when a CD is set as the optical disk, 

p, the light beam L2 having 780 nm wavelength for reading CDs is 

1£ emitted from the second light source 42 and is transmitted by 

o 

Hi the first holographic element 201 and the polarizing prism 213 

of the first wavelength separating element 211, then transmitted 
through second holographic element 202 and the wavelength 
selecting filter 215 of the second wavelength separating element 
212, and finally passes through the wavelength plate 204 and 
is focused on the recording surface of the CD. At this time, 
the light beam L2 passes through the first and second holographic 
elements 201 and 202, however, it does not pass through the 
holograms 51 and 52 formed in the first and second holographic 
elements 201 and 202, respectively, before it arrives at the 
recording surface of the CD. 
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Light reflected by the CD changes in intensity depending 
on whether there are recording pits, and is once again passed 
through the optical system of the optical pickup and the 
wavelength plate 204 and is incident on the second wavelength 
separating element 212 . The light beam L2 incident on the second 
wavelength element 212 is reflected by the wavelength selecting 
filter 215, which has the property of reflecting light having 
780 nm wavelength, and the reflecting mirror 216, and guided 
to the hologram 52 formed in the second holographic element 202. 

The light beam L2 is diffracted by passing through the 
hologram 52 and becomes primarily -1st order diffracted light, 
0th order diffracted light, and +lst order diffracted light, 
and as described above the positions of the hologram 52 and the 
light receiving element 44 are determined such that the light 
receiving element 44 receives only the -1st order diffracted 
light. Consequently, only the -1st order diffracted light is 
used for signal detection, and the 0th order and +lst order 
diffracted light are not used. 

Thus, the holographic laser 210 in this embodiment is 
capable of separately adjusting the optical axes and light paths 
of the light beams LI and L2, which have different wavelengths, 
and because the light beams LI and L2 do not pass through the 
holograms 51 and 52 between being emitted from the first and 
second light sources 41 and 42 and arriving at the optical disk, 
the same effects as the holographic laser 200 of the second 
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embodiment can be achieved. 

As detailed in the above, in the first through third 
embodiments of the invention, the first light source 41 is a 
semiconductor laser which emits a light beam LI of 650 nm 
wavelength, and the second light source 42 is a semiconductor 
laser which emits a light beam L2 of 780 nm wavelength, however, 
the invention is not limited to this, and it is also possible 
to shift the wavelength of the light emitted by the first light 
source 41 and the second light source 42 to a shorter wavelengths 
or to longer wavelengths. Needless to say, if the wavelengths 
are shifted in this way, it is of course necessary to change 
the positions of the first and second holographic elements 201 
and 202 and the first and second wavelength separating elements 
211 and 212 correspondingly. 

Furthermore, focus error signals , RF signals, and tracking 
error signals are detected from the signals retrieved at each 
light receiving region of the light receiving element 44, however, 
the invention is not limited to this, and it is also possible 
to internally link a plurality of light receiving regions in 
a predetermined combination and use the signals retrieved from 
this plurality of internally linked light receiving regions to 
detect the focus error signals, the RF signals, and the tracking 
error signals. Consequently, the number of output terminals 
from the light receiving element can be reduced, so that it is 
possible to simplify the wiring when assembling into the 
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apparatus . 

The invention may be embodied in other specific forms 
without departing from the spirit or essential characteristics 
thereof . The present embodiments are therefore to be considered 
in all respects as illustrative and not restrictive, the scope 
of the invention being indicated by the appended claims rather 
than by the foregoing description and all changes which come 
within the meaning and the range of equivalency of the claims 
are therefore intended to be embraced therein. 
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